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ABSTRACT

Dehydration of glucose into 5-hydroxymethylfurfural (HMF) was one of
the most reactions in biomass conversion into high-value chemicals. This
work aims to synthesize a catalyst for the efficient production of HMF
from glucose. P-UiO-66 has been prepared and characterized using X-
ray Diffraction (XRD), Scanning Electron Microscopy (SEM), and
Fourier-transform Infrared Spectroscopy (FT-IR). The synthesized
catalyst showed excellent performance for the conversion of glucose into
HMF. 99% HMF was achieved under optimal conditions (180°C, 8 h, 0.05
g catalyst). In addition, the P-UiO-66 was stable and highly active during
the reaction condition, which can be reused four times without a
significant decrease in HMF yield.

TOM TAT

Phan ving tach nudc tir glucose thanh 5-hydroxymethylfurfural (HMF) la
mot phan trng quan trong cua qud trinh chuyén héa nguyén liéu sinh khéi.
Nghién ciru ndy nham tong hop chat xic tac dé san xuat HMF tir glucose
Vv&i hiéu sudt cao. Vat liéu P-UiO-66 da duwoc tong hop va xac dinh tinh
chdt théng qua nhiéu xa nhiéu xa X-ray (XRD), kinh hién vi dién tir quét
(SEM) va pho hong ngoai (FT-IR). Chat xiic tdc tong hop thé hién hoat
tinh rdt cao trong phan ing tich nwée tir - glucose thanh HMF. Hi¢u sudt
HMF thu dwoc la 99% trong diéu kién toi wu (180°C, 8 gio, 0,05 g chat
xuc tac). Hon nita, chdt xiic tac nay c6 dp bén cao va cé thé tai sir dung
bon lan ma khéng giam hoat tinh dang ké.

1. GIOI THIEU

la mot trong nhitng hop chat nam trong top 10 céac
hop chat duoc tong hop biomass (Laboratory,

Nguyén lieu sinh  khéi  lignocellulose
(lignocellulose biomass) 1a ngudn nguyén liéu
carbon c6 thé tai tao va bén vimg. Chung duoc xem
xét 1a &mg cir vién trién vong dé thay thé cho ngudn
nguyén liéu hoa thach (Climent et al., 2014). Cac
nguyén liéu sinh khéi nay c6 thé chuyén hoa thanh
nhiéu hop chit c6 gi tri cao va nhién liéu sinh hoc
(Gallezot, 2012). 5-hydroxymethylfurfural (HMF)
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2004). Béi vi HMF 1a mot san pham trung gian duoc
str dung dé tong hop ra nhiéu hop chit hiru ich khéc.
HMF c¢6 thé dwoc tong hop bang qua trinh thity phan
hodc tach tur cac nguyén liéu khic nhau nhu
monosaccharides, disaccharides, va polysaccharides
(Rosatella et al., 2011).



Tap chi Khoa hoc Trirong Pai hoc Can Tho

Trong do, qua trinh xtc tac tach nudc tir glucose
dé tao thanh HMF di va dang rat duoc quan tam.
Chheda (2007) da st dung cac acid v6 co nhu
H,S04, HsPO4, HCI dé chuyén héa glucose thanh
HMF. Phan {mg dugc thuc hién tai 140°C trong hé
dung moi nudc/DMSO-MIBK/2-butanol thu dugc
hiéu suat HMF tir 16,3 dén 19,2%. (Chheda et al.,
2007). Stahlberg et al. (2011) da nghién cuu phan
ung khir nude cua glucose thanh HMF trong su co
mit cua hé xiic tic bao gdbm chit long ion va boric
acid. 40% HMF da dat duoc véi chat long ion ho
imidazole (1-ethyl-3-methylimidazolium chloride
([EMIm]CI) tai 120°C trong 5 gio. Hiéu suat HMF
¢6 thé duogc cai tién va dat 68% khi phan tmg dugc
thuc hién voi chéat xuc tac 1a CrCl, (Zhang et al.,
2011). Mat du nhitng hé xtc tac sir dung gop phan
cai tién hiéu suat tong hop HMF, tuy nhién, ching
1a cac hé xuc tac ddng thé dan dén kho thu hoi va
tinh ché san pham sau phan ung.

Gan day, vat liéu khung hiru co kim loai, viét tat
la MOFs (metal-organic frameworks), da thu hut
nhiéu su chu ¥ trong linh vye xtic tic, vi chung co
bé mat riéng 16n, da dang tim kim loai hoat dong,
dé dang bién tinh dé co dugc cac nhoém chirc mong
doi va c6 hoat tinh xuc tac cao (Eddaoudi et al.,
2002; Mueller et al., 2006). Do d6, MOFs da duoc
st dung cho nhiéu loai phan tmg khac nhau nhu:
alkyl hoa (Phan et al., 2010), acyl hoa (Calleja et al.,
2014), va cac loai phan tmg ghép doi (Gao et al.,
2010; Kousik & Velmathi, 2019). Bén canh ung
dung MOFs lam chat xtic tac cho cac loai phan ing
hiru co théng thuong, MOF con duge quan tdm su
dung trong céc loai phan ung chuyén hoa cac nguon
nguyén liéu sinh khdi véi vai tro 1a chat xuc tac ran
(Liao et al., 2018). Akiyama et al. (2011) da nghién
clru qua trinh thity phan cellulose va phan tmg dong
phan hoa cua glucose st dung xuc tac Brensted
acidic MOF (MIL-101(Cr)-SO3H). Theo Yabushita
et al. (2017), vat ligu NU-1000 bién tinh véi
phosphate (PO4+/NU) da c6 hoat tinh cho phan tng
tach nuéc tir glucose. Nhung két qua cho thay chi
15% hiéu xuat ciia HMF trong dung méi 1a nudc tai
140 °C trong 5 gio. Cac chat xuc tac st dung rat bén
trong diéu kién phan ung, tuy nhién hi¢u qua chua
cao. Do d6, viéc tdng hop chét xac tac tir vat liéu
MOF dé chuyén hoa glucose thanh HMF véi hiéu
suit cao van dang 1a mot thach thirc.

Nghién ctru nay da téng hop vat lieu UiO-66
bién tinh v&i phosphor (P) 1am chat xuc tac cho phan
tng tach nude glucose thanh HMF. Céac diéu kién
phan tmg da dugc t6i uu. Thém vao d6, kha ning
thu hdi tai sir dung cua chit xuc tac cling dugc
nghién cau.
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2. PHUONG PHAP NGHIEN CUU
2.1. Nguyén liéu

Glucose, 5-hydroxymethylfurfural (HMF),
ZrCly, 1,4-benzenedicarboxylic acid, 2-
methylimidazole, dimethylformamide (DMF) va
Na;HPO, da dugc mua tir Sigma-Aldrich va Xilong
Trung Quéc.

2.2. Quy trinh tong hop UiO-66

Vit lidu UiO-66 duoc tong hop dua theo nghién
ciu cua Rimoldi et al. (2017). Hoa tan 0,32 g
terephthalic acid (BDC, 2,0 mmol) vao trong binh
cau hai ¢ chua 80 mL DMF. Sau do6, thém vao binh
cau trén 50 mL dung dich chira ZrCl, (0,233, mmol),
acid acetic (20 mL) va DMF (30 mL). Binh cau duoc
day kin trude khi gia nhiét 1én 120°C trong 12 gio.
Sau 12 gio, chat ran mau tring duoc tach khoi hdn
hop bang qua trinh ly tdm (7.000 rpm trong 15 pht)
va duoc rua nhiéu Ian bang DMF va acetone. Chat
ran (UiO-66) dugc sdy kho trong méi truong chan
khong trong 8 gio tai nhiét dd phong trudc khi thuc
hién phan @ng tiép theo (Hinh 1).

o
o -

- 2
' BDchrcu

o,

Ly tam
——

/ Rira bang
DMF va
acetone

Uio-66

Hinh 1. So d6 tong hop UiO-66
2.3. Quy trinh tdng hgp P-UiO-66

Phuong phap bién tinh UiO-66 véi PO4? duoc
tién hanh twong tu v&i nghién ctu cua Dorneless
(Dorneles de Mello et al., 2020). Cho 100 mg UiO-
66 vao 10 mL dung dich chira Na;HPO, (0.2 M).
Han hop duoc khudy trong 3 gid tai 70°C. Sau do,
chat rén duoc loai bo khoi dung dich bang su ly tam,
rira nhiéu 1an bang nudce va acetone. Cubi cling, chat
rin mau trang con lai duoc siy trong méi truong
chan khong sau 8 gio tai nhiét d¢ phong va dugc dat
tén la P-UiO-66 (Hinh 2).

Na,HPO, Ly tam ) o
* )
70°C,3gié  Rira biing Yo gR
H,0 va )
Uio-66 acetone P-UiO-66

Hinh 2. So db téng hop P-UiO-66
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2.4. Thiét bi phan tich vat liéu

Kinh hién vi dién t& quét (SEM, NovaTM
NanoSEM 230) dugc dung dé xac dinh hinh dang
cua vat liéu. Céu trac tinh thé coa vt liéu dugc xac
dinh bang nhidu xa X-ray (XRD, Rigaku-Ultima IV)
st dung nguodn phat xa Cu Ka, goc quét tir 5-70°.
Cac nhom chirc ¢6 mat trén vat liéu duge xac dinh
bang quang phd hong ngoai FT-IR (Perkin Elmer
Spectrum 100), buéc song tir 500-4.000 cm'L,

2.5. Phan itng tach nwéc glucose thanh HMF

Phan g dugc thuc hién trong Parr reactor, cu
thé nhu sau: cho 1 mmol glucose (0,18 g) vao thiét
bi phan tmg c6 chira 50 mg chat xac tac, 10 mL
nude. Sau d6, thiét bi duoc day kin va gia nhiét toi
nhiét @ mong mudn. Sau khoan thai gian nhét dinh,
hén hop phan tmg dwoc loc dé loai bo chit xuc tac.
Céc chat glucse, fructose va HMF trong dung dich
thu dugc dwgc phan tich bang HPLC (st dung cot
Shodex SUGAR SP0810 véi pha dong la nudc).
Phan ing chuyén hoa glucose thinh HMF duoc thé
hién trong Hinh 3.

oH
o CH,Q  OH 0=_0
HO : , _WOH
HO S CH,OH
OH OH HMF

Glucose Fructose

Hinh 3. Phan ng chuyén héa glucose thanh
HMF

Do chuyén hoa va hiéu suat HMF duoc tinh theo
cong thuc cua Stéhlberg et al. (2011):

S mole glucose ban dau - sé mole glucose con lai

Do chuyén héa (%) =
@
Hiéu sudt HMF (%)=

2
2.6. Kha niing thu hdi chit xiic tac P-UiO-66

Dé xac dinh kha ning tai sir dung cia P-UiO-66,
trong phan ng chuyén hoa glucose thanh HMF,
phan ing duoc thuc hién nhu sau: glucose 1 mmol,
0,05 g chat xuc,-tac, 8 gid tai 180°C. Sau khi phan
ing két thuc, chat xuc tic dwoc ly tim va rira bang
acetone nhiéu lan. Chat xuc tac thu hdi dugc hoat
hoéa trong modi truong chan khoéng 6 gio trudc khi
thuc hién phan tng tiép theo. Bé duy tri du lugng
xuc tac cho mdi 1an phan @ng, mot phan tng duoc
thyc hién vai quy trinh tuong tu.

3. KET QUA VA THAO LUAN
3.1. Tinh chit caa vat li¢u tong hep

 Chu triic tinh thé ctia UiO-66 va P-Ui0-66 dugc
thé hién trén nhiéu xa XRD (Hinh 4). Cic peak

S6 mole glucose ban du

S6 mole HMF

Sé mole glucose ban dau

x100%

x100%

32

Tap 58, Sé 6A (2022): 30-35

nhiéu xa cua UiO-66 duoc tong hop trong nghién
Clru nay tuong thich véi XRD cua nghién clru trudc
day (Cao et al., 2017; Rimoldi et al., 2017). Thém
vao do6, khong c6 cac peaks nhidu xa khac duoc quan
sat trén nhiéu xa XRD, diéu nay ching minh rang
Ui0-66 di duoc tong hop thanh cong va co do tinh
thé cao. Sau qua trinh phosphor hoa UiO-66, vat li¢u
thu dugc (P-UiO-66) van con giit nguyén cau triic
cia UiO-66, cho thay rang UiO-66 rat bén trong
diéu kién tong hop.

= P-UiO-66
‘; NIRRT I
,"":’
IS
c
Ui0-66
...n..x]..ll“ A " A
5 15 25 35 45 55 65 75
20

Hinh 4. Phé nhiéu xa XRD cia vit ligu tong hep

Hinh dang cta UiO-66 va P-UiO-66 dugc quan
sat bang kinh hién vi dién tir quét (SEM) va thé hién
trong Hinh 5. P-Ui0-66 va UiO-66 tong hop c6 hinh
bat dién véi kich thudc khoang 500 nm. Tuy nhién,
bé mat cua vat lieu P-UiO-66 khong dwoc phing nhu
UiO-66. Két qua nay co thé gy ra boi sy phan tng
cuia phosphor véi khung céu triic UiO-66 (Dorneles
de Mello et al., 2020).

Hinh 5. Hinh SEM ciia a) UiO-66 va b) P-UiO-66
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Dé ching minh s ¢6 mat cia cac nhom chirc
phosphor, FT-IR da dugc tién hanh (Hinh 6). Két
qua cho thay rang vat liéu P-UiO-66 c6 nhom chirc
PO4* tai budc song 1.100 cm™ va nhém C-O-P tai
budc song 2300 cm™. Két qua nay phut hop véi quan
sat qua SEM, va chung to rang nhom chirc phosphor
da tao lién két véi khung UiO-66 (Van Nguyen et
al., 2022).

—UiO-66

—P-Ui0-66 po#*

D0 truyén qua (a.u.)

2000 1500 1000 500

4000 3500 3000 2500
Buwdc song (cm)
Hinh 6. Phé FT-IR cua vat liéu tdng hep

3.2.  Phan ng tach nuéc tir glucose thanh
HMF sir dung P-UiO-66 lam chat xic tac
3.2.1. Anh huong ciia cdc logi chdt xiic tac

Phan ing tach nuéc tir glucose thanh HMF dugc
thuc hién tai 180°C trong 8 gi, sir dung céc loai chat
xuc tac khac nhau voi khdi luong 14 0,05 g. Két qua
duoc thé hién trong Bang 1. Do chuyén héa cua
glucose dat 50%, va 40% HMF duoc tao thanh khi
str dung UiO-66 1am chét xtc tic. Nhu mong doi, do
chuyén hoa cua glucose va hiéu suat HMF dat duoc
trén 99% khi sir dung P-UiO-66 lam chit xuc tac.
Diéu nay cho thay rang P-UiO-66 c6 hoat tinh cao
cho phan tig tach nuéc tir glucose. Piéu d6 ching
minh rang phan {mg tich nudc tir glucose can sy co
mit cua chat xuc tac co tinh acid. Vi vay, tinh acid
cia Ui0-66 va P-UiO-66 di dugc do ludng bang
phuong phap Hemmett. UiO-66 c6 chi s6 Ho> 2.8,
trong khi d6 Ho> cua P-UiO-66 1a -11,4. Gia tri Ho
cang nho ching to tinh acid cang manh. Diéu nay
tuong thich véi kha nang tham gia phan tng tach
nudc tir glucose cua P-UiO-66 cao hon UiO-66.

Bén canh do, ba chét xuc tac khac 1a ZrP, SAPO-
34 va ZSM-5 ciing dugc sir dung dé so sanh vai P-
Ui0-66. Mat du d chuyén héa ciia glucose 1a trén
99%. Nhung chi mot lugng cuc ky nho HMF duoc
tao thanh khi st dung ZrP. Nguoc lai, hiéu sut
HMF dat duoc 13 9,1% va 23,2% cho chét xuc tic
ZSM-5 va SAPO-34 theo thir tu (Bang 1). Bén canh
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d6, fructose da duoc tao thanh véi hiéu suét tir 21,5-
45,8%, day 1a san pham trung gian trong qué trinh
tach nudc tir glucose. Po do6, chat xtc tac P-UiO-66
dugc st dung cho cac nghién ctu tiép theo.

Bang 1. Phan wng tach nwéc tir glucose thanh
HMF thong qua nhiéu loai chat xtc tac
khac nhau

Chit xiic tac Bl‘l?é‘;h(ﬂ%‘;” F“(ro;f;’se HMF (%)
Ui0-66 50,1 9.8 202
P-Ui0-66 99 ! 99
ZrP >99 23,1 -
SAPO-34* >99 458 23.2
ZSM-5** >99 215 9.1

biéu kién phan izng: 1 mmol glucose, 10 mL H20,
180°C, 8 gio

3.2.2. Khdo sdt diéu kién phan ing

Phan ng tach nudc tir glucose thanh HMF dugc
t6i wu thong qua khao sat sy anh huong cia lwong
chat xuc tac, nhiét do, thoi gian phan Gmg. Dau tién,
su anh huong cua khdi luong chat xac tac P-UiO-66
1én phan tmg dugc nghién ctu trong khoang 0,01-
0,075 g. Hinh 7 cho thay khi tang lugng chat xtc tac
ca do chuyén hoa va hiéu suat HMF tang. Tuy nhién,
khi str dung qua nhiéu chat xuc tac (0,075 g) thi hiéu
suit HMF giam. Diéu nay 1a bai vi HMF thuy phan
tao thanh cac san pham phu. Tai khéi lwong chét xtc
tac 0,05 g thu duoc hiéu suit cao nhat 12 99%, do dé
ham luong chit xac tac 0,05 g dugc chon cho nghién
ctu tiép theo.

100 =D& chuyén hoéa

% hiéu suat HMF
80

60

D6 chuyén hoa va
hiéu suit HMF (%)

40
301585

20

153458

T &

.

0,01 0,025

Ham lwong P-UiO-66 (g)

0,075

Hinh 7. Aqh huéng cia ham lugng chét xiic tac
dén higéu suat HMF tir glucose

Sy anh huéng cua nhiét do dén hiéu suét hinh
thanh HMF tir glucose duoc thuc hién trong khoang
tir 140 dén 200°C, trong 8 gid, st dung 0,05 g P-
UiO-66. Két qua duoc thé hién trong Hinh 8. Nhiét
d6 phan ung ting 1am ting d6 chuyén hoa va hiéu
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sut hinh thanh HMF. D chuyén héa ting mot cach
dang ké tir 14 1én 99% khi tang nhiét d6 tir 140 1én
180°C. Khi tang nhiét do 1én 200°C, hiéu suat HMF
giam con 80%. Diéu nay co thé 1a boi vi tai nhiét do
cao, HMF bi phan huy hay thily phan dé tao ra cac
san pham phu. Vi vay, 180°C la nhiét do thich hop
dé thyc hién cac phan ung tiép theo.

100{ ®Do chuyén hoa 99 99

® hiéu suat HMF

©
=]

hiéu sudt HMF (%)
Y (0]
(=] =]

D6 chuyén héa va

IN)
o

.

140 160 18

Nhiét d5 (°C)

o

200

Hinh 8. Anh huwéng cia nhiét dd téi higu suat
hinh thanh HMF tir glucose

Két qua anh huong cua thoi gian phan tmg dugc
trinh bay trong Hinh 9. Trong khoang thoi gian tir 2
gio dén 8 gio, hiéu suat HMF ting tir 20% dén 99%
trong su ¢6 mit cua 0,05 g P-UiO-66 tai 180°C. Tai
8 gio, hiéu suat HMF dat ti da, vi vy viéc kéo dai
thoi gian phan ung 1a khong c6 y nghia. Két qua
nghién ctru ciia Hou et al. (2016) cho thay thoi gian
phan tmg tach nudc dugc thuc hién trong khoang tur
4-8 gior dé dat hiéu sut tbi da.

©
©
©
©

99

1001 #D6 chuyén hoa

% hiéu suat HMF  g0.v95

©
o

D6 chuyén héa va
higu suit HMF (%)
»
o

S

2 4 6 8 10
Thai gian (99)
Hinh 9. Anh hwéng cia thi gian téi higu suat
tao thanh HMF twr glucose
3.3. Kha niing thu hdi chit xiic tic

Diém ndi bat cua cac phan tmg xiic tac di thé 1a
kha nang thu hoi va tai sir dung xuc tac. Do d9, viéc
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danh gi4 hoat tinh sau khi thu hdi cua P-UiO-66 da
dugc nghién ctiru. Phan tng duoc thyc hién tai diéu
kién t6i wu (0,05 g cht xuc tac, 8 gio tai 180°C).
Sau khi phan tng két thuc, chat xuc tac duoc thu
nhan bang cach ly tdm tai 7.000 rpm trong 15 phut
va rira nhiéu lan bang acetone. Chat xtic tac thu hoi
duogc hoat hoa tai nhiét d6 phong truéc khi tién hanh
phan tng tiép theo. Két qua duogc trinh bay trong
Hinh 10. Hoat tinh cta P-UiO-66 khong giam dang
ké sau 4 lan tai sir dung. Diéu nay chimng to chit xtic
tac rat bén trong diéu kién phan ung.

#D0 chuyénhéa = hiéu sudt HMF

99 99

99 665 99 99

100

©
o
f o
b
©

©
S

hiéu sudt HVF (%)
8 3

D8 chuyén héa va

N}
1=}

o

S6 1an tai sir dung
Hinh 10. S6 lan tai sir dung chit xic tac P-UiO-66
4. KET LUAN

Trong nghién ctru nay, vat liéu P-UiO-66 co tinh
acid manh duoc téng hop thanh cong dé st dung lam
chét xuc tac chuyén hoa glucose thanh HMF. Hiéu
suidt HMF dat dwoc 99% khi sir dung 0,05 g P-UiO-
66 tai 180°C trong 8 gido' voi dung mdi la nudce.
Nghién ciru con chimg minh rang hoat tinh cao cua
chit xuc tac 1a bdi vi sy c6 mat cia nhom thé
phosphor trong khung UiO-66. Thém vao d6, chat
xtc tac c6 dd bén cao trong diéu kién phan tng. Do
d6, P-Ui0-66 co thé dugc sir dung rong rai cho cac
loai phan tmg dé chuyén héa biomass thanh cac hop
chat co gia tri trong tuong lai.
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